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Abstract
Aplidin was tested in vitro at concentrations ranging from from 0.1 nM to 1.0 μM and in vivo at a
dose of 0.6 mg/kg administered intraperitoneally on an every 4 days × 3 schedule that was
repeated at day 21. In vitro, Aplidin was most active against acute lymphoblastic leukemia (ALL)
cell lines. In vivo, Aplidin induced significant differences in EFS distribution in 12 of 28 (43%)
solid tumor models and 2 of 6 evaluable ALL models. Aplidin showed potent in vitro activity and
induced significant in vivo tumor growth inhibition in some xenografts, but did not induce tumor
regressions.
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INTRODUCTION
Aplidin (Plitidepsin), a potent antitumor agent, was first isolated from the marine tunicate
Aplidium albacans and currently is obtained by total chemical synthesis. The mechanism of
action of Aplidin is not clearly defined, although apoptosis induction has been described as
occurring through a strong, sustained activation of c-Jun NH2-terminal kinase (JNK) [1].
Cells resistant to Aplidin show lesser extent of JNK activation [2]. JNK activation in human
breast cancer cells was reported to be dependent upon induction of oxidative stress
associated with activation of the Rac1 small GTPase [3]. Aplidin is currently in Phase II
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clinical evaluation as a single agent for solid and hematologic malignant neoplasias
including multiple myeloma, non-Hodgkin lymphoma, and acute lymphoblastic leukemia
(ALL). Phase I studies in pediatric acute leukemias and solid tumors as well as combination
studies with other chemotherapeutic drugs are currently ongoing. Given the potential novel
mechanism of action of Aplidin, the PPTP evaluated this agent to gain insight into its utility
against pediatric tumors.

MATERIALS AND METHODS
In vitro testing

In vitro testing was performed using DIMSCAN, a semiautomatic fluorescence-based digital
image microscopy system that quantifies viable cell numbers in tissue culture multiwell
plates [4]. Cells were incubated in the presence of Aplidin for 96 hours at concentrations
from 0.1 nM to 1.0 μM and analyzed as previously described [5].

In vivo tumor growth inhibition studies
CB17SC-M scid−/− female mice (Taconic Farms, Germantown NY), were used to propagate
subcutaneously implanted kidney/rhabdoid tumors, sarcomas (Ewing, osteosarcoma,
rhabdomyosarcoma), neuroblastoma, and non-glioblastoma brain tumors, while BALB/c nu/
nu mice were used for glioma models, as previously described [6–8]. Human leukemia cells
were propagated by intravenous inoculation in female non-obese diabetic (NOD)/scid−/−

mice as described previously [9]. All mice were maintained under barrier conditions and
experiments were conducted using protocols and conditions approved by the institutional
animal care and use committee of the appropriate consortium member. Tumor volumes
(cm3) [solid tumor xenografts] or percentages of human CD45-positive [hCD45] cells [ALL
xenografts] were determined as previously described [10]. Responses were determined using
three activity measures as previously described [10]. An in-depth description of the analysis
methods is included in the Supplemental Response Definitions section.

Statistical Methods
The exact log-rank test, as implemented using Proc StatXact for SAS®, was used to
compare event-free survival distributions between treatment and control groups. P-values
were two-sided and were not adjusted for multiple comparisons given the exploratory nature
of the studies.

Drugs and Formulation
Aplidin was provided to the PPTP by PharmaMar, through the Cancer Therapy Evaluation
Program (NCI). Aplidin was reconstituted in a solution of Cremophor: Ethanol: Water
(15:15:70) and further diluted in saline. Aplidin was administered i.p., every 4 days times 3,
repeated at day 21, at a dose of 0.6 mg/kg. Aplidin was provided to each consortium
investigator in coded vials for blinded testing.

RESULTS
Aplidin in vitro testing

Aplidin demonstrated a high level of cytotoxic activity against the PPTP’s cell lines, with 16
of 23 cell lines showing T/C values < 50% at the lowest Aplidin concentration tested (0.1
nM)(Table I). Therefore, Aplidin cytotoxic activity at 0.1 nM (T/C0.1nM) was used to
compare the relative responsiveness of the PPTP cell lines to Aplidin. The median T/C0.1nM
was 25.3% (range 0.5% to 96.3%). The cell lines of the ALL panel were the most sensitive
PPTP cell lines to Aplidin (median T/C0.1nM = 8.6%), whereas the neuroblastoma (T/C0.1nM
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= 80.8%) and rhabdomyosarcoma (T/C0.1nM = 57.4%) cell lines were less responsive to
Aplidin (Table I and Supplemental Figure 1).

Activity of Aplidin against the PPTP in vivo panel
Aplidin was evaluated in 44 xenograft models. Fifty-nine of 830 mice died during the study
(7.1%), with 3 of 411 in the control arms (0.7%) and 56 of 419 in the Aplidin treatment arms
(13.4%). Ten lines were excluded from analysis due to toxicity greater than 25 percent. A
complete summary of results is provided in Supplemental Table I, including total numbers
of mice, number of mice that died (or were otherwise excluded), numbers of mice with
events and average times to event, tumor growth delay, as well as numbers of responses and
T/C values.

Antitumor effects were evaluated using the PPTP activity measures for time to event (EFS
T/C), tumor growth delay (tumor volume T/C), and objective response. Aplidin induced
significant differences in EFS distributions compared to controls in 12/28 (43%) of the
evaluable solid tumor models and 2 of 6 (33%) for the evaluable ALL xenografts (Table II).
Only two lines (ALL-3, ALL-8) met the criteria for intermediate activity with EFS T/C
values of 11.2 and 4.7, respectively (Table II). No other models met criteria for intermediate
activity for the EFS T/C activity measure by having EFS T/C values exceeding 2.0.

The in vivo testing results for the objective response measure of activity are presented in
Supplemental Figure 2 in a ‘heat-map’ format as well as a ‘COMPARE’-like format, based
on the scoring criteria described in the Material and Methods and the Supplemental
Response Definitions section. The latter analysis demonstrates relative tumor sensitivities
around the midpoint score of 5 (stable disease). Objective responses were seen in 0 of 34
tumor models.

DISCUSSION
In vitro the ALL cell lines appeared more sensitive to Aplidin compared to other lines, in
agreement with previous reports of Aplidin activity against ALL cell lines and primary ALL
cells [11,12]. By contrast, the neuroblastoma and rhabdomyosarcoma cell lines appeared
less responsive to Aplidin than the remaining cell lines. However, relative sensitivities using
IC50 concentrations cannot be determined from our analysis.

Aplidin demonstrated limited activity against the in vivo solid tumor panels. While there
were clearly treatment effects as demonstrated by significant differences in EFS distribution
between treated and control animals, these effects were modest and in no case did the time
to event for a treated group exceed that for a control group by a factor of two or greater.
Aplidin showed greater activity against the PPTP’s ALL panel compared to the solid tumor
panels, although the level of activity observed for Aplidin was less than that previously
noted for standard agents (e.g., vincristine and cyclophosphamide) [10]. Two xenografts
(ALL-3 and ALL-8) had significant extensions in time to event, but they did not meet
criteria for objective response.

One important issue in assessing the PPTP in vivo data is whether the systemic exposures
achieved in test animals are comparable to systemic exposures achieved in humans at
tolerable doses. The estimated plasma systemic exposure in mice for the planned six week
treatment course is approximately 1000 ng*hr/mL (personal communication1). For humans,
the recommended phase II dose for Aplidin using an every two week schedule is 5–7 mg/m2

[13]. The estimated plasma systemic exposure for a six week treatment course at the 5 mg/

1Doreen LePage, PharmaMar.

Morton et al. Page 3

Pediatr Blood Cancer. Author manuscript; available in PMC 2010 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



m2 dose level is approximately 1050 ng*hr/mL, which is similar to the estimated exposure
in mice.

The PPTP Stage 1 testing results point to ALL as the diagnosis for which Aplidin has the
highest level of activity, though this activity does not equal that of standard agents
previously studied. Given the PPTP results as well as prior published results describing anti-
leukemia activity for Aplidin, consideration should be given to focusing future research
efforts on optimizing the activity of Aplidin (either used alone or in combination) against
ALL.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table I

Activity of Aplidin against Cell Lines in the PPTP in Vitro Panel

Cell Line Status Histology T/C0.1nM (%) IC50 (nM)

RD Rhabdomyosarcoma 46.4 <0.1

Rh41 Post-Therapy Rhabdomyosarcoma 57.5 0.19

Rh18 Diagnosis Rhabdomyosarcoma 96.3 5.50

Rh30 Diagnosis Rhabdomyosarcoma 57.3 0.23

BT-12 Diagnosis Rhabdoid 24.8 <0.1

CHLA-266 Diagnosis Rhabdoid 35.7 <0.1

TC-71 Post-Therapy Ewing 5.5 <0.1

CHLA-9 Diagnosis Ewing 32.9 <0.1

CHLA-10 Post-Therapy Ewing 25.3 <0.1

CHLA-258 Post-Bone Marrow Transplant Ewing 46.7 <0.1

SJ-GBM2 Post-Therapy Glioblastoma 15.5 <0.1

NB-1643 Diagnosis Neuroblastoma 79.5 0.67

NB-EBc1 Post-Therapy Neuroblastoma 95.4 5.70

CHLA-90 Post-Bone Marrow Transplant Neuroblastoma 35.0 <0.1

CHLA-136 Post-Bone Marrow Transplant Neuroblastoma 82.1 6.00

COG-LL-317 Post-Therapy ALL T-cell 3.5 <0.1

NALM-6 Post-Therapy ALL B-precursor 0.5 <0.1

RS4;11 Post-Therapy ALL B-precursor 21.6 <0.1

MOLT-4 Post-Therapy ALL T-cell 8.6 <0.1

CCRF-CEM ALL T-cell 11.0 <0.1

Kasumi-1 Post-Bone Marrow Transplant AML 11.4 <0.1

Karpas-299 Post-Therapy ALCL 8.8 <0.1

Ramos-RA1 NHL 3.7 <0.1

Median 25.3 <0.1

Minimum 0.5 <0.1

Maximum 96.3 6.00
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